Abstract: Periurban areas of growing cities in developing countries have been conceptualised as highly dynamic landscapes characterised by a mixture of socioeconomic structures, land uses and functions. While the body of conceptual literature on periurban areas has significantly increased over the past two decades, methods for operationalising these multi-dimensional concepts are rather limited. Yet, information about the location and areal extent of periurban areas is needed for integrated planning in the urban-rural interface. This article presents the results of a study aiming at classifying and mapping periurban areas along the urban-rural gradient of Tamale, a medium-sized city in Ghana. The study used a quantitative, multi-dimensional methodology involving the following as core elements: (1) a relative measure of how urban a place and its people are in terms of services, infrastructure and livelihoods (urbanicity index); (2) the diversity of households regarding their livelihoods and access to urban services; and (3) land use dynamics. Therefore, data from a household survey, as well as land use and other secondary geospatial data were collected and analysed at different spatial scales. The findings suggested that the periurban space consists of two main zones. Inner periurban areas are driven by urban expansion and the conversion of non-urban into urban land use is most visible here. These areas exhibit higher levels of socioeconomic diversity, compared to both rural and urban areas. Outer periurban areas are less dynamic in terms of land use change and exhibit lower building densities, and compared with rural areas, hold stronger links to the city related to the movement of people and goods. The spatial analysis revealed that periurban areas develop mainly along major transport corridors across administrative divisions, as well as in the form of periurban islands in the rural zone. This study set out to extend existing methodologies to map urban and periurban development in medium-sized cities in sub-Saharan Africa, useful for urban and regional planning beyond administrative boundaries.
Introduction
Rapidly growing urban populations come with a variety of major socioeconomic and ecological changes, in particular in developing countries. In sub-Saharan Africa, the urban transition is a relatively recent phenomenon, with urban growth rates being among the highest in the world [1] . In West Africa,
Material and Methods

Study Area
The study area centred on the city of Tamale, the regional capital of the Northern Region in Ghana, as shown in Figure 1 . The city represents one of the many rapidly growing, medium-sized cities in sub-Saharan Africa that experience uncontrolled and unplanned urban growth and the expansion of vast periurban landscapes. With a population of~370,000, Tamale is the third largest urban centre in Ghana, after Accra and Kumasi [31] . Tamale has attracted migrants from the impoverished rural areas of northern Ghana in particular and has experienced annual urban growth rates of 4% during the past decade [31] . This rapid urban growth poses challenges for urban infrastructure and service provision and has resulted in increased competition over land use, while effective planning to address present and future urban growth is lacking. In Tamale, conflicts over the allocation and use of land between traditional authorities, responsible for managing 90% of the land, and governmental planning institutions makes proper urban planning even more difficult [32] .
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Objectives
The objective of this study was to classify and map periurban areas in the context of mediumsized sub-Saharan African cities using a quantitative, multi-scale and multi-dimensional approach. The classification of areas along the urban-rural gradient into urban, periurban, rural spaces was based on parameters relating to (1) urbanicity, (2) diversity in terms of a mix of urban and rural features, and (3) land use dynamics. The integration of various spatial scales ensured both a fine spatial resolution and a good areal coverage of the urban-rural interface.
A variety of different methods was used to derive parameters capable of revealing distinct spatial structures along the urban-rural gradient. Data sources ranged from primary household data to remote sensing and secondary data (see Figure 2 for the overall methodological framework, including input data, processing stages and outputs). 
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Data and Parameters
Sampling
The applied multi-scale approach involved the household level, a number of randomly sampled grid cells of 25 ha each in size containing settlement structures, and the entire study area, covering urban, periurban and near rural areas ( Figure 3 ).
In line with Adam (2001) [29] , we conducted a random sampling within a given sampling extent. Unlike Adam who took an arbitrary circle, with a radius of 40 km from the city centre, we applied a travel-time approach [13] to generate the sampling extent. This approach takes into account the estimated time required to reach the city centre from any point using the road network (60 km/h on primary roads, 40 km/h on secondary and tertiary roads, 10 km/h on path-like roads). Usual modes of motorised transportation are motorbikes, taxis and minibuses. Travel times are considered to be the most appropriate indicator of accessibility [16] and were used to map accessibility to urban centres worldwide [33] . In accordance with Drechsel & Keraita (2014) [34] , we chose the 40-minute boundary, which extends up to 40 km along the main road and has a minimum distance of 20 km from the city centre (study area) (Figure 3) . A grid of 500m × 500m was overlaid, resulting in 8321 grid cells, and used as a basis for sampling. Out of 4373 grid cells containing settlement structures, 23 grid cells were randomly selected and stratified according to building density and travel times (sample grid cells) [35] . In each of the 23 sample grid cells, household data were collected from 20 randomly selected households, through a survey conducted in March and April 2014. A household was defined as a group of people living together and eating from the same pot [36] . Data were processed and analysed using the software programs 'R' and 'ArcGIS'. 
Data and Parameters
Sampling
In line with Adam (2001) [29] , we conducted a random sampling within a given sampling extent. Unlike Adam who took an arbitrary circle, with a radius of 40 km from the city centre, we applied a travel-time approach [13] to generate the sampling extent. This approach takes into account the estimated time required to reach the city centre from any point using the road network (60 km/h on primary roads, 40 km/h on secondary and tertiary roads, 10 km/h on path-like roads). Usual modes of motorised transportation are motorbikes, taxis and minibuses. Travel times are considered to be the most appropriate indicator of accessibility [16] and were used to map accessibility to urban centres worldwide [33] . In accordance with Drechsel & Keraita (2014) [34] , we chose the 40-min boundary, which extends up to 40 km along the main road and has a minimum distance of 20 km from the city centre (study area) (Figure 3) . A grid of 500 m × 500 m was overlaid, resulting in 8321 grid cells, and used as a basis for sampling. Out of 4373 grid cells containing settlement structures, 23 grid cells were randomly selected and stratified according to building density and travel times (sample grid cells) [35] . In each of the 23 sample grid cells, household data were collected from 20 randomly selected households, through a survey conducted in March and April 2014. A household was defined as a group of people living together and eating from the same pot [36] . Data were processed and analysed using the software programs 'R' and 'ArcGIS'. 
Selection of Parameters
The selection of household parameters used for the 'urbanicity' and 'diversity' indices was carried out step-wise. On the basis of the reviewed literature, a variety of data covering services and facilities, livelihood indicators, and morphological and functional parameters were collected. The final selection was based on a consultation with local experts, a wide distribution of values along the urban-rural gradient and the avoidance of correlation between parameters of the same category. As a result, some parameters used in other studies (such as distance to health care and markets) were not considered appropriate in the local context, due to their low variability and bias towards the city centre, and were therefore not included in this analysis. Others, such as land disputes and social problems, were not taken into account since they represent potential consequences of periurban processes, rather than general patterns. At the sample grid cell level, multi-temporal satellite images were used to analyse temporal dynamics. At the study area level, parameters forming the infrastructure index were selected on the basis of available secondary data and classified satellite imagery. Appendix A shows a list of all the parameters used, the processing involved and the respective data sources.
Analysis
Classifying sample grid cells
It has been acknowledged that periurban areas of growing cities are undergoing rapid change, which is one major factor underlying the diversity of the social and physical environment [3, 10, 12, 16, 18] . Therefore, the analysis was based on the assumption that periurban areas exhibit relatively high values, where both their level of diversity and land use change (dynamics) were concerned while they exhibit values between those observed for rural and urban areas where their degree of urbanicity was concerned. In the context of Tamale, access to piped water, electricity and sanitation, a 'modern' (square, as opposed to traditional round huts) house type, frequent visits to the city centre, the possession of a fridge and an occupation other than farming as the main household livelihood activity were rated highly urban, i.e. 1.
The first stage of the analysis was to assess the degree of urbanicity in each sample grid cell. An urbanicity index was created for each household and each sample grid, based on the mean value of all seven household parameters, ranging from 0 to 1, with the same weight assigned to each parameter. Continuous variables were converted to dummy variables (see Appendix A). The 
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Analysis
Classifying sample grid cells
It has been acknowledged that periurban areas of growing cities are undergoing rapid change, which is one major factor underlying the diversity of the social and physical environment [3, 10, 12, 16, 18] . Therefore, the analysis was based on the assumption that periurban areas exhibit relatively high values, where both their level of diversity and land use change (dynamics) were concerned while they exhibit values between those observed for rural and urban areas where their degree of urbanicity was concerned. In the context of Tamale, access to piped water, electricity and sanitation, a 'modern' (square, as opposed to traditional round huts) house type, frequent visits to the city centre, the possession of a fridge and an occupation other than farming as the main household livelihood activity were rated highly urban, i.e., 1.
The first stage of the analysis was to assess the degree of urbanicity in each sample grid cell. An urbanicity index was created for each household and each sample grid, based on the mean value of all seven household parameters, ranging from 0 to 1, with the same weight assigned to each parameter. Continuous variables were converted to dummy variables (see Appendix A). The variance of urbanicity values within one sample grid cell served as a proxy for socioeconomic diversity, i.e., a high diversity was given where half of the households exhibited high urbanicity values and the other half exhibited low urbanicity values. The degree of change in the built-up area, based on recent and past high resolution satellite images by Google Earth (2008 and 2014) [37, 38] , was used as an indication of the land use dynamics in each sample grid cell. To this end, images were extracted from Google Earth Pro; the buildings were then digitised for both dates and the change quantified (Figure 4) . The quantification of land use change inevitably refers to a specific time period. For this study, the six years preceding the household survey form the basis for the land use change analysis. [37, 38] , was used as an indication of the land use dynamics in each sample grid cell. To this end, images were extracted from Google Earth Pro; the buildings were then digitised for both dates and the change quantified ( Figure 4) . The quantification of land use change inevitably refers to a specific time period. For this study, the six years preceding the household survey form the basis for the land use change analysis. On the basis of these three indices: 'urbanicity', 'diversity', and 'dynamics', the sample grid cells were classified as 'urban', 'rural' and 'periurban'. This was done by grouping sample grid cells along the urbanicity gradient according to natural breaks in the data ('baseline scenario').
Developing an Infrastructure Index at The Study Area Level
An infrastructure index was created at the study area level and calculated for each of the 8321 grid cells, including those without a built-up area, using secondary and remote sensing data (Appendix A). This index involved three rubrics, namely (1) access, (2) services and (3) built-up area:
• Access comprised three parameters: road density, distance from roads and access to public transport. The denser the road network within a grid cell, the smaller the distance from the next road; and the better the access to public transportation linking the grid cell with Tamale's city centre, the more urban a given grid cell was considered (with values closer to 1).
• Services were defined according to the distance from a water pipe (within 2 km) and an electricity station (within 1 km). Distance thresholds (within which access is likely) were discussed with representatives of the water and electricity companies.
• The built-up area was quantified from 1.5 m colour merge resolution SPOT 6 images (October 2013) with an overall accuracy of 97%, using an object-based hierarchical classification approach (Appendix B). In order to account for the surrounding environment, the levels of built-up area for the eight neighbouring grids were included and the mean built-up area was assigned to the grid cell in question. Each grid cell was assigned a value for each parameter. These values were normalised and, where several parameters form a rubric, the mean value was taken, assigning the same weight to each parameter. The infrastructure index was built by taking the mean of the normalised rubrics, again assigning the same weight to each rubric. Each of the 8321 grid cells within the study area, including the 23 sample grid cells, was thus attributed an index value on the basis of these three rubrics. On the basis of these three indices: 'urbanicity', 'diversity', and 'dynamics', the sample grid cells were classified as 'urban', 'rural' and 'periurban'. This was done by grouping sample grid cells along the urbanicity gradient according to natural breaks in the data ('baseline scenario').
•
Services were defined according to the distance from a water pipe (within 2 km) and an electricity station (within 1 km). Distance thresholds (within which access is likely) were discussed with representatives of the water and electricity companies.
The built-up area was quantified from 1.5 m colour merge resolution SPOT 6 images (October 2013) with an overall accuracy of 97%, using an object-based hierarchical classification approach (Appendix B). In order to account for the surrounding environment, the levels of built-up area for the eight neighbouring grids were included and the mean built-up area was assigned to the grid cell in question.
Each grid cell was assigned a value for each parameter. These values were normalised and, where several parameters form a rubric, the mean value was taken, assigning the same weight to each parameter. The infrastructure index was built by taking the mean of the normalised rubrics, again assigning the same weight to each rubric. Each of the 8321 grid cells within the study area, including the 23 sample grid cells, was thus attributed an index value on the basis of these three rubrics. In order to assess the spatial extent of urban, periurban and rural areas, the respective categories derived at the sample grid cell level were scaled up to the entire study area. Prior to this, we verified that the household characteristics were reflected in the physical and infrastructural environment. Therefore, we determined the degree of statistical dependence between the urbanicity index (available only for the sample grid cells) and the infrastructure index (available for all 8321 grid cells) for the 23 sample grid cells. Infrastructure index values were used to create confidence intervals for each category at the sample grid cell level (e.g., those classified as urban). Using a Student's t test, we tested whether a given unclassified grid cell (those not included in the sample of 23) fell within the 95% confidence interval of a category. Grid cells falling outside these confidence intervals were not assigned to any category (0.38% of all grid cells), because of their low statistical probability. Grid cells with a higher statistical probability were assigned to the category (rural, inner periurban, outer periurban and urban) with the most plausible p-value. The sensitivity of these up-scaling results to changes in the baseline classification-as determined by urbanicity, diversity and dynamics at the sample grid cell level-was assessed by performing the up-scaling process for another four classification scenarios. Therefore, the threshold values for the boundaries of the classes were slightly shifted.
Results
Classification of Sample Grid Cells as Urban, Periurban or Rural
The household-level urbanicity index consisted of seven parameters derived from the household survey ( Figure 5) . A value close to 1 implies high urbanicity, and values close to 0 imply low urbanicity.
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Up-Scaling
In order to assess the spatial extent of urban, periurban and rural areas, the respective categories derived at the sample grid cell level were scaled up to the entire study area. Prior to this, we verified that the household characteristics were reflected in the physical and infrastructural environment. Therefore, we determined the degree of statistical dependence between the urbanicity index (available only for the sample grid cells) and the infrastructure index (available for all 8321 grid cells) for the 23 sample grid cells. Infrastructure index values were used to create confidence intervals for each category at the sample grid cell level (e.g. those classified as urban). Using a Student's t test, we tested whether a given unclassified grid cell (those not included in the sample of 23) fell within the 95% confidence interval of a category. Grid cells falling outside these confidence intervals were not assigned to any category (0.38% of all grid cells), because of their low statistical probability. Grid cells with a higher statistical probability were assigned to the category (rural, inner periurban, outer periurban and urban) with the most plausible p-value. The sensitivity of these up-scaling results to changes in the baseline classification-as determined by urbanicity, diversity and dynamics at the sample grid cell level-was assessed by performing the up-scaling process for another four classification scenarios. Therefore, the threshold values for the boundaries of the classes were slightly shifted.
Results
Classification of Sample Grid Cells as Urban, Periurban or Rural
The household-level urbanicity index consisted of seven parameters derived from the household survey ( Figure 5) . A value close to 1 implies high urbanicity, and values close to 0 imply low urbanicity. The urbanicity values in the 23 sample grid cells ranged from 0.06 to 0.88. As urbanicity decreased, the number of households possessing a fridge and the number of square houses (as The urbanicity values in the 23 sample grid cells ranged from 0.06 to 0.88. As urbanicity decreased, the number of households possessing a fridge and the number of square houses (as opposed to the traditional round huts) decreased more quickly than the number of households with access to sanitation facilities and the number of households not dependent on farming as their main livelihood activity. The share of households with access to water and electricity, as well as the frequency of visits to the centre of Tamale only declined with overall low urbanicity values ( Figure 5 ). As expected, high urbanicity values were found in Tamale's urban core ( Figure 6 ). The highest diversity values were found in sample grid cells with medium urbanicity values, while diversity was generally low in grid cells with either high or low urbanicity values. The highest increase in new buildings was observed in the vicinity of the urban core, where in some sample grid cells the built-up area more than doubled in size in less than 6 years ( Figure 7 ).
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Infrastructure at Study Area Level
The contribution made by built-up area was highest in the actual urban centres, whereas the importance of services, i.e. access to electricity and water, was not limited to the urban areas. In the north-west of the area, high values were observed for 'services', which can be explained by the fact that the piped water network was expanded as part of community development efforts due to the 
The contribution made by built-up area was highest in the actual urban centres, whereas the importance of services, i.e., access to electricity and water, was not limited to the urban areas. In the north-west of the area, high values were observed for 'services', which can be explained by the fact that the piped water network was expanded as part of community development efforts due to the proximity of the water source (White Volta). With regard to the rubric of access, comprising road length per grid cell, distance from the road and access to public transport, high values were recorded over a relatively widespread area, indicating that even remote villages are well connected to the city (Figure 11 ). 
Classification Results Up-Scaled to The Study Area
The Pearson product-moment correlation coefficient confirmed that there is a positive linear correlation between urbanicity and infrastructure (r= 0.8) (Figure 12 ). The Shapiro-Wilk test was used to confirm the normal distribution of both urbanicity and infrastructure index values. Using student's t-test and based on the positive linear correlation between urbanicity and infrastructure values, 8289 out of the 8321 grid cells were assigned to the most likely category (Figure 12 ). 
The Pearson product-moment correlation coefficient confirmed that there is a positive linear correlation between urbanicity and infrastructure (r = 0.8) (Figure 12 ). The Shapiro-Wilk test was used to confirm the normal distribution of both urbanicity and infrastructure index values. Using student's t-test and based on the positive linear correlation between urbanicity and infrastructure values, 8289 out of the 8321 grid cells were assigned to the most likely category (Figure 12 The up-scaling results showed that around Tamale's urban core, urban grid cells constituted an almost contiguous area, which also extended along the north-eastern road to Kumbungu and the town of Savelugu to the north of Tamale ( Figure 13 ). The largest proportion of the cells classified as 'inner periurban' surrounded the inner city cells designated as 'urban', along with a few grid cells covering villages and small towns, generally along major roads. 'Outer periurban' areas adjoined the 'inner periurban' grid cells and extended along major roads. The road connecting Tamale and Savelugu and the adjacent grid cells were all classified as 'periurban'. In order to account for alternative classifications of sample grid cells into the respective categories and to assess its influence on the up-scaling results, another four potential up-scaling scenarios were considered (Figure 8 ). In these scenarios, the category assignment did not change for 88.5% of the grid cells. The robustness levels also showed that the classification of grid cells along roads, in particular along the roads between Tamale and the closest towns and villages, was ambiguous. Inner periurban areas were the least robust, with 25-32% of cell classifications being ambiguous. The up-scaling results showed that around Tamale's urban core, urban grid cells constituted an almost contiguous area, which also extended along the north-eastern road to Kumbungu and the town of Savelugu to the north of Tamale ( Figure 13 ). The largest proportion of the cells classified as 'inner periurban' surrounded the inner city cells designated as 'urban', along with a few grid cells covering villages and small towns, generally along major roads. 'Outer periurban' areas adjoined the 'inner periurban' grid cells and extended along major roads. The road connecting Tamale and Savelugu and the adjacent grid cells were all classified as 'periurban'. In order to account for alternative classifications of sample grid cells into the respective categories and to assess its influence on the up-scaling results, another four potential up-scaling scenarios were considered (Figure 8 ). In these scenarios, the category assignment did not change for 88.5% of the grid cells. The robustness levels also showed that the classification of grid cells along roads, in particular along the roads between Tamale and the closest towns and villages, was ambiguous. Inner periurban areas were the least robust, with 25-32% of cell classifications being ambiguous. 
Discussion
The Periurban: Two Areas of Transition Along the Urban-Rural Gradient
The contribution of household parameters to the urbanicity index varied along the urban-rural gradient. Whereas urban housing structures were most pronounced within and in close proximity to the city, other household-level parameters positively associated with urbanicity, such as access to water and electricity services, and the frequency of visits to the city centre, were more evenly spread across the study area, including inner, outer periurban, as well as selected rural areas. The latter indicates that the connection between people and the city (for labour, markets, etc.) is not restricted to the mere presence of urban housing. As expected, the results showed that the characteristics of those areas lying between the extremes of the urbanicity scale were not clear and unambiguous but rather patchy and "lumpy" [39] in terms of their levels of change and diversity (Figure 8 ). Two main areas of transition could be identified, albeit with fuzzy boundaries, representing the two "different concepts of periurbanness" [29] , see also [13, 17, 18] : 
Discussion
The Periurban: Two Areas of Transition Along the Urban-Rural Gradient
The contribution of household parameters to the urbanicity index varied along the urban-rural gradient. Whereas urban housing structures were most pronounced within and in close proximity to the city, other household-level parameters positively associated with urbanicity, such as access to water and electricity services, and the frequency of visits to the city centre, were more evenly spread across the study area, including inner, outer periurban, as well as selected rural areas. The latter indicates that the connection between people and the city (for labour, markets, etc.) is not restricted to the mere presence of urban housing. As expected, the results showed that the characteristics of those areas lying between the extremes of the urbanicity scale were not clear and unambiguous but rather patchy and "lumpy" [39] in terms of their levels of change and diversity (Figure 8 ). Two main areas of transition could be identified, albeit with fuzzy boundaries, representing the two "different concepts of periurbanness" [29] , see also [13, 17, 18 ]:
1. The inner periurban areas are highly dynamic and thus, experience increasing population pressure, as reflected by the significant change in the levels of built-up area. The dynamic character of the inner periurban area, also referred to as the "zone of direct impact" [18] , or the "urban fringe" [17] , also suggests an intense land use competition and a conversion from agricultural to non-agricultural land uses (Figure 8 ). The high rates of construction activities suggest in-migration of people, from urban as well as rural areas, as has been noted with respect to Tamale by Oppong & Yeboah (2013) [40] . The high diversity values, reflecting the mixed socioeconomic structures, also indicate the simultaneous occurrence of rural and urban activities in these areas. Settlements classified into inner periurban vary in their appearance, history and proximity to the urban centre. They range from towns like Savelugu, a district capital 20 km north of Tamale ( Figure 13 ) sharing strong market links with Tamale, over nearby villages that have been absorbed by the city with traditional housing layouts and low infrastructure development, to previously vacant areas that have undergone more planning including a regular road structure and some infrastructure provisioning (Figure 10 ).
2. The outer periurban area, also referred to as the "market-related zone of influence" [18] or "hinterland" [17] , was more extensive than the inner periurban area. Some of the sample grid cells classified as outer periurban are as distant from the city centre as some sample grid cells classified as rural. However, these areas have urban infrastructure in place or better access to the city centre, as indicated by the relatively high contribution of the rubrics 'services' (access to electricity and water) and 'linkages' (frequency of visits to the city centre) to the urbanicity index. These sample grid cells also exhibited higher diversity levels as compared with the rural grid cells, thus suggesting a broader socioeconomic mix of households. This may be due to the greater number of potential livelihoods open to households and thus, options for non-farm employment in these areas, as opposed to households in rural areas with poor access to urban markets and services. These settlements range from traditional villages with rather rural lifestyles, relatively close to and therefore exhibiting relatively strong links to the city, over villages increasingly absorbed by urban growth, to growing villages with a relatively high heterogeneity among their inhabitants possibly due to their proximity to urban facilities (airport; Figure 9 ) and the existence of a market place (Nanton; Figure 13 ). Yet, the majority of households depend on farming as their main livelihood activity and may have traditionally lived in these areas. This accords with the levels of change in built-up area that were low to medium (Figure 8 ), indicating that this zone is not driven by growth and migration pressure to the same extent as the inner periurban area.
Spatial Patterns of Periurbanisation
The up-scaling results revealed that most of the areas classified as urban constituted a spatially contiguous area around the urban core of Tamale. This area was surrounded by inner periurban areas, forming a more or less continuous area of land, more extensive along roads and towards the north. Inner periurban areas, that will soon become urban, might have developed as a result of villages being absorbed into the city ("absorbed periurban", see Reference [10] ), or via diffuse urban sprawl ( Figure 9 ). By contrast, the spatial patterns found in the outer periurban areas rather evoke the image of ribbon development, with development following transportation axes, such that "lands adjacent to [these] corridors are developed, but those without direct access remain in rural uses" [41] (Figure 10 ). As such, the outer periurban extent reached up to 30 km outside the city centre. The inner periurban area extended up to 10 km from Tamale's centre. Adam (2001) found for Kumasi a similarly irregular pattern, with the periurban area reaching up to 40 and the inner periurban area ("commuting zone") up to 30 km from the city centre [29] . A graduated shift from more urban to more rural areas can thus be observed as one moves further away from the city, with a less steep transition along major roads (see Reference [16] ). Yet, as Simon et al. (2004) [16] noted, there may be "islands of "urbanness" in the outer (more rural) segment if pre-existing settlements of considerable size and distinctive economic mix have recently come to be within the zone." This accords with Drescher & Iaquinta's (2000) notion of "village periurban" or "rural places with urban consciousness" [10] , which are not necessarily in the proximity of the city. The town of Savelugu, a district capital 20 km north of Tamale, constitutes such an urban island, and this has resulted in most sections of the road between Tamale and Savelugu being classified as periurban. The high number of periurban grid cells towards the north of the study area reflects the importance of the northern access road. By contrast, in the southern part of the city, the periurban zone is narrower and does not appear to play such a significant role within urban development. Other periurban islands include several small towns in rural areas, such as Nanton, Nyankpala, Kumbungu and Tolon, which, as market towns, have strong links to Tamale (Figure 13) . Likewise, "zones [ . . . ] of more rural character may persist" within the urban area [16] . One example of this "sectoral interaction" is urban agriculture [42] , which is a widespread activity in Tamale [43] . It takes place, for example, on the 'Gumbehene New Dam' in the western part of Tamale's centre ( Figure 13 ). This zone was classified as inner periurban and is surrounded by grid cells classified as urban. Agricultural land use within Tamale's urban and inner periurban areas is characterised by irrigated commercial vegetable production on open spaces, such as designated green belt areas, and rain-fed cereal production on interstitial spaces, which have emerged in the course of unplanned urban growth [43] . Moving further out of the city towards more rural areas, hybrid farming systems dominate where farmers produce for subsistence (in particular maize) as well as for the market (such as soybean) [44] . Further urban expansion is likely to change rural farming systems and livelihoods [45] and boost more intensive production systems to meet the urban demand for fresh vegetables, dairy products and meat.
Implications for Planning
Friedmann (2016) argues against the formulation of general theories of periurbanisation for the purpose of policy and planning as related strategies should always be specific to given places and times as well as institutional contexts [4] . On the other hand, planning policies are de facto based on existing planning models, oftentimes reflected in administrative, dichotomous entities of 'urban' and 'rural' that do not adequately reflect the real-world situation in many cities. We make the case for a working definition of periurban for the purpose of planning and at the same time acknowledge inevitable trade-offs. These include the context-specific vs. general nature of the periurban, the delineation of boundaries vs. the fact that boundaries cannot be unambiguously established and the moment-in-time research vs. the dynamic nature of the periurban.
Due to the fuzzy nature of the periurban, its use as an analytical unit with rigid boundaries has to be handled with care. This particularly concerns the outer periurban extent that, unlike the urban and inner periurban areas, consists of isolated settlements and long stretches along the road. Therefore, we simplified the respective boundaries in order not to simulate an unrealistic level of accuracy ( Figure 14) . For the outer periurban extent, we used an inner (along those grids classified as outer periurban) and outer boundary which includes ambiguous cells and surrounding non-built-up area. The simplified classification still reflects distinct spatial patterns, such as larger areas of land, as well as more isolated spots well connected to the city and relatively well equipped with infrastructural facilities. On the other hand, the classification shows vast underserved areas and a lack of transport infrastructure. Such an assessment can support a territorial approach to planning by demonstrating which areas are lagging behind and which areas will be most affected by urban expansion. Inner periurban areas are very likely to expand in the near future, leaving urban areas behind. Holistic urban planning, taking into account the spatial, institutional, as well as the historical context in which future urban areas develop, can substantially contribute to improve quality of life in these highly dynamic areas. This includes minimising negative environmental and health effects by creating access to basic services including adequate sanitation, water supply (see [46] for water shortage in Tamale), waste disposal, and food markets. One of the challenges to a sustainable urban transformation is conflicts over the allocation and use of land between the traditional authorities on the one hand and governmental planning institutions on the other. In Ghana, as in many African countries, periurban land is often held under communal tenure. This facilitates corruption, "especially where [ . . . ] vast profits are available almost instantly" [47] . A sharp increase in land values in Tamale, reported by Naab et al. (2013) [48] , resulted in the sale of land by traditional leaders (chiefs) for private use [32] . Periurban farmers are therefore increasingly faced with insecure land tenure and erosion of their livelihoods [45] .
With respect to outer periurban and close-by rural settlements, planning can support links to the city and help inhabitants benefit from the proximity to urban markets, services and administration. For example, linking urban consumers to periurban and rural producers can foster economic development in this zone and boost non-farm employment. Therefore, policy measures can include the development of road infrastructure and transport facilities and, besides improving physical infrastructure, strengthen governance capacity across urban and rural spaces and administrative boundaries.
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Critical Reflection on the Methodology
This study is a snapshot in time, and despite the highly dynamic nature of the city and its surroundings, it gives an insight into some of the manifold social, infrastructural and land use characteristics and changes that are taking place in the inner periurban areas of Tamale in particular. These processes may occur simultaneously, or may be triggered by other factors and even induce further changes. Newly built settlements, for instance, may lead to infrastructural development that in turn attracts new migrants. The choice of the overall study area has an impact on whether a settlement that may be classified as periurban is conceived to fall under that category. For this reason, the study area has to be carefully determined by incorporating the entire urban-rural gradient by 
This study is a snapshot in time, and despite the highly dynamic nature of the city and its surroundings, it gives an insight into some of the manifold social, infrastructural and land use characteristics and changes that are taking place in the inner periurban areas of Tamale in particular. These processes may occur simultaneously, or may be triggered by other factors and even induce further changes. Newly built settlements, for instance, may lead to infrastructural development that in turn attracts new migrants. The choice of the overall study area has an impact on whether a settlement that may be classified as periurban is conceived to fall under that category. For this reason, the study area has to be carefully determined by incorporating the entire urban-rural gradient by means of a wide distribution of parameters suited to representing urbanicity in a given context, as well as taking the overall spatial configuration of the relevant settlements into account. The method takes multiple spatial scales and a variety of parameters and data sources into account. The household level parameters are partly context-specific and would have to be adjusted in another setting on the basis of expert knowledge. Other attributes are generic and are applicable across contexts [15] . This study set out to extend existing methodologies to classify and map urban and periurban development in a medium-sized city in sub-Saharan Africa. Cross-country studies should be explored in the future to test application in other sub-Saharan medium-sized cities.
Conclusions
Periurban areas of growing cities in developing countries have been conceptualised as highly dynamic landscapes characterised by a mixture of socioeconomic structures, land uses and functions. For planning and development purposes, it is useful to know the spatial extent of such zones, although it is a matter of debate as to whether the multitude of elements that constitute these phenomena can be measured and compared.
The results of this multi-dimensional study show that areas lying between the extreme ends of the urbanicity scale exhibit higher levels of land use change and socioeconomic diversity, confirming certain claims made in the literature. The results also suggest that the periurban area consists of two main zones. The inner periurban area is driven by urban expansion and is currently undergoing tremendous changes from non-urban to urban land. The outer periurban area is part of a wider functional city region with strong links to the city and is characterised by a more socioeconomically diverse mix of households as compared to rural areas, possibly due to the greater range of potential livelihoods resulting from better access to urban markets and services. Changes in land use here are less substantial than in the inner periurban area, and the physical appearance of these areas may not differ from rural villages, albeit with better access to urban facilities. Results indicate more pronounced periurban development along major transport corridors, as well as periurban islands in the rural zone. However, delineations of boundaries dividing the different zones should not be considered discrete, but rather fuzzy in space and dynamic in time.
The focus of this study was not on the impact of periurbanisation on people and the environment. Yet, in Tamale, as in many other West African cities, rapid urban growth and the conversion of agricultural land in urban land, poor planning and land-use conflicts necessarily have an impact on local livelihoods and on the provision of public infrastructure necessary to minimise negative health and environmental effects. Inner and outer periurban areas are thereby affected in different ways and hence may need a different planning and policy response. Therefore, knowing where these processes take place is crucial. The fine resolution used in the study makes it possible to detect distinct spatial patterns of periurban development. This will help planners and policy-makers make informed and integrated decisions beyond administrative boundaries. Taking an integrated approach and considering the entire urban-rural gradient can support positive links between urban, periurban and rural areas, reduce inequalities as well as better understand spatial developments in urbanising environments. [37, 38] 
